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In the United States, breast cancer is the most commonly diagnosed cancer and the second leading cause of cancer deaths (1) . It has been estimated that one in eight U.S. women will develop breast cancer (2) . Further, the incidence ofbreast cancer in the United States is increasing 1% per year in the 1990s (2) . The personal and economic impacts of breast cancer make this disease a serious national health care concern. The total cost of breast cancer burdens the U.S. economy with direct and productivity losses of approximately $3.8 billion per year (3) .
Great progress has been made recently in determining the molecular basis of familial forms of breast cancers (4) . However, only 5 to 15% of the total number of breast cancers can be traced to an inherited familial defect (4) . Although the etiology of the majority of breast cancers remains undetermined, epidemiologic studies have indicated that a dietary component contributes to the risk of developing the disease (5, 6) . High-fat diets may be a risk factor for breast cancer (5, 6) . However, the focus on fat as a major risk factor has shifted to the effects of hormones and hormone-mimicking chemicals (2) .
Compounds that mimic the effects of estrogen are popularly referred to as xenoestrogens or environmental estrogens (7, 8) . Pesticides such as DDT, dyes (phenol red), and polychlorinated biphenyls are estrogenic (9) (10) (11) . It has been suggested that exposure to xenoestrogens increases the risk of breast cancer for women in industrialized countries (8, 14) . However, the role of DDT and other environmental estrogens in the etiology of breast cancer in humans is controversial (7, (12) (13) (14) .
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Address correspondence to Dr. C. Dees, PhotoGen L.L.C., 7327 Recently, it has been shown that phthalate plasticizers from plastic foodpackaging materials exhibit estrogenic activity (15) . Butylated hydroxyanisole, a commonly used food preservative, also has weak estrogenic effects (15) . Phenosulfothiazine, a red dye used in tissue culture media as a pH indicator, is a weak estrogen that stimulates the growth of human breast cells and binds to the estrogen receptor (ER) in MCF-7 human breast cancer cells (9) MO) , and 25 pl binding buffer. Binding reactions were incubated at room temperature for 20 min. The entire reaction mixture was then separated on 6% nondenaturing polyacrylamide gels (Novex, San Diego, CA) and visualized by autoradiography.
Competitive binding studies using the ER from MCF-7 were performed as described previously (11) with modifications to accommodate the use of cultured cells. To confirm visual interpretation of ER-ERE mobility shift increases stimulated by xenoestrogens, autoradiographs were scanned using a Hewlett Packard ScanJet IIcx. Densitometric evaluation was performed using SigmaScan software.
p53 Mobility Shift Procedures
Procedures for p53 mobility shift assays were similar to those described previously (16, 19, 20) . RLE cells were cultured in 175 cm2 flasks in Richter's medium supplemented with 0.5% newborn calf serum. The medium was replaced prior to adding compounds for testing with fresh medium containing test compounds without serum. Cells were then incubated for 2 hr with DNA-damaging agents or exposed to EMF. Untreated control cells were also examined. S9 homogenate (Molecular Toxicology, Annapolis, MD) was prepared from rats treated with Aroclor 1254. The S9 mix components were 8 mM MgCl2, 33 mM KCl, 5 mM glucose 6-phosphate, 4 mM NADP, 100 mM sodium phosphate, pH 7.4, and S9 at 10% (v/v) of mix. Food colorants were added to 1-ml S9 mix and then added to cultured cells.
Nuclear extracts from the cells were prepared as described (13) . Briefly, the medium was removed from the cells and the monolayers washed with PBS, pH 7.4. Cells were lysed by the addition of 2.5 ml buffer (20% glycerol, 10 mM NaCl, 1.5 mM MgCI2, 0.2 mM EDTA, 1 mM DTT, 1 mM PMSF, and 0.1% Triton X-100 in 20 mM HEPES buffer, pH 7.6). The lysate was centrifuged at 800xg for 4 min; the resulting pellet was diluted with three volumes of 500 mM NaCl in buffer (see previous description), then (17) . ICI 182,780, when used at a concentration 10 to 15 times that of estradiol, can inhibit the ER-ERE binding to levels below that of the untreated controls (17) . Since ICI 182,780 can inhibit Red No. 3 ER-ERE complex formation ( Figure 4B ) and stimulation of cell growth (Figure 2 ), this confirms that the actions of Red No. 3 are mediated through the ER. Figure 4B shows that phenol red (50 pg/ml) simulates the ER-ERE binding as well (1.3-fold increase over control). p53-DNA binding stimulated in RLE and human breast cells may occur by some mechanism other than DNA damage. However, it has been demonstrated that p53 recognizes damaged DNA (25, 26) and it has not been reported that treatment of cultured cells with nongenotoxic agents such as estrogen will stimulate p53-DNA binding. Preliminary studies suggest that treatment of DNA with Red No modification of the DNA using endonucleases alters the results by action of the endonuclease unpublished data). Preliminary,, suggest that Red No. 3 decreases in the Ames II test (C Dees, u results). These results are cons two previous studies that suggest interacts directly with DNA or affects DNA-modifying enzymes (genointeractive) (28, 29) . Few other studies have examined the risks of DNA damage that might be associated with food colorants. No studies have specifically investigated the effects of synthetic food colorants on human breast cells. Red No. 3 has been shown to be mutagenic in the Bacillus subtilus sporulation assay (28) , genointeractive in the Salmonella typhimurium assay (Ames test) (29) , and carcinogenic in B6C3F1 mice (increased pheochromocytomas in males) (30) . In the B. subtilus sporulation assay, S9 treatment appeared to decrease the effect of Red No. 3 (28) , whereas in our study S9 treatment appears to have no effect. We believe that our results using a p53-gel mobility shift assay are consistent with a conclusion that Red No. 3 is capable HH1 of damaging DNA. (7, (12) (13) (14) . It is interesting to note that the major route of exposure to a number of xenoestrogens is through the food chain (32). However, while the incidence of breast cancer in the United States is increasing, exposure levels to several estrogenic pesticides and pollutants are decreasing (32) .
In contrast, the diet of women in the United States includes processed foods that are increasingly likely to contain food colorants and additives (27) . Industrialized countries rely heavily on processed foods; over the last several decades about 80% of their food supply has been processed by the food industry (27, 33 (39) . When the ER is phosphorylated it can bind to the estrogen responsive elements without a compound bound to the ligand binding site (38) . In addition, other investigators have documented that the activity of one xenoestrogen may be synergistically enhanced when another one is present (40 (41, 42) . Furthermore, the increase in terminal end bud formation observed in these mice increases the likelihood that they will develop breast cancer (41, 42) . In addition, exposure to estrogens during the development of the mouse reproductive tract permanently estrogenizes cells (43) . Two genes that respond to estrogen (lactoferrin and epidermal growth factor) are persistently expressed after exposure to estrogen during development (43) . Thus, the greatest risk associated with exposure to xenoestrogens may occur during the period from early childhood through puberty, a period in which the highest consumption of Red No. 3 occurs.
While the role of diet in increasing breast cancer risk of U.S. women is generally accepted, the particular component of the diet that confers the risk is not. Most of the current studies on the factors in the diet of U.S. women that contribute to breast cancer have focused on total fat content. Processed foods contain the highest levels of added fat also and are foods most likely to contain the highest levels of food colorants. Therefore, it is possible that the correlation of high fat foods to increased risk of breast cancer noted in previous studies is actually caused 
